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mated by Magnani et al. (2007), they also concluded



1930-1932 (Heimburger 1933) and have been protected as
state-owned “wild forests” or “wilderness” since that
time. A previous analysis of the recent vegetation dy-



that the generalist, broadleaf deciduous species of red
maple was the most responsive species while the
needleleaf evergreen species were relatively less respon-
sive, though the large response of P. rubens in northern
hardwood plots is difficult to explain (Table 1).

DiscussioN

Interpretation of any gradient-based study must be
carried out with caution, as responses observed along a
measured gradient can be influenced by one or more co-
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N deposition gradient (McNeil et al. 2007), our results
underscore the need to consider the simultaneous effects
of multiple agents of global change (e.g., SO.?
deposition, state of N saturation, tropospheric ozone,
climate) in projecting growth responses to N deposition.
Moreover, our results suggest that growth responses can
be species-specific and may be modulated by the overall
suite of adaptive traits inherent to each species. For
instance, in light of the foliar N response of sugar maple
to the Adirondack N deposition gradient (McNeil et al.
2007) and the observed increases in sugar maple growth
along an N deposition gradient in the Southern
Appalachians (Boggs et al. 2005), it is surprising that
sugar maple did not have a significant growth response.
Since sugar maple is known to be most competitive in
base cation-rich environments (Canham et al. 2006), it
may be that this species is poorly adapted to the
relatively N rich, but base cation poor environments
that are increasing in the Adirondack Park in response
to acidic deposition (Sullivan et al. 2006). Similarly,
previous studies have found that red spruce growth and
health at higher elevations in the Adirondack Moun-
tains are affected by base cation leaching (Shortle and
Smith 1988) and winter injury induced by acidic
precipitation (Vann et al. 1992). However, our results
indicate that red spruce in lower elevation northern
hardwood plots responded positively to N deposition.
Finally, based on its limited foliar N response to N
deposition (McNeil et al. 2007), we did not expect such a
strong growth response in balsam fir. This discrepancy
could be due to the different sampling locations of the
growth and foliar N surveys. In particular, much of the
balsam fir growth data were from high-elevation plots.
These plots receive proportionally greater contributions
of cloud-water and dry forms of N deposition, yet our
results were largely unaffected when we supplemented
the wet deposition model estimates with measurements
of cloud-water and dry forms of N deposition deter-
mined by Miller (1993) at Whiteface Mountain, New
York. Nevertheless, canopy openings caused by spruce
mortality in these high-elevation SF sites (Bedison et al.
2007) could have also spurred accelerated balsam fir
growth.

Due to the preponderance of species that had no
significant relationship, our results can only provide
minimal support for the hypothesis that the growth
response would be larger in less shade tolerant and
broadleaf deciduous species (Table 1). However, the
species-specific nature of growth response was apparent
(Table 1). Thus, more detailed studies are needed not
only to provide direct observation of the effect of N
deposition on species-specific rates of RuBisCO alloca-
tion and photosynthetic production, but also to identify
the specific pathways whereby enhanced N deposition is
translated into increased foliar N, photosynthate pro-
duction, and finally vegetative growth.

Regardless of mechanism, the species-specific nature
of growth response has important implications for
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future stand composition and ecosystem functioning of
Adirondack forests, especially insofar as species shifts
may affect future patterns of nutrient cycling (Lovett et
al. 2004). In particular, our results should be considered
alongside other studies suggesting that elevated N
deposition may enhance seedling survival (Sefcik et al.
2007), lead to competitive exclusion of characteristic
species by more nitrophilic vegetation (Bobbink et al.
1998), and affect species dominance and overall
biodiversity (Vitousek et al. 1997). Further, the influence
of deposition on red maple growth may be yet another
anthropogenic perturbation (e.g., fire suppression, log-
ging, land clearing) that is contributing to the prolifer-
ation of this “super-generalist” species in some forests
(Abrams 1998).

We show here that long-term growth measurements
can serve as a valuable ecological record. However, the
error inherent in making repeated dbh measurements
may have introduced enough noise to confound effects
of N deposition, especially in larger size classes.
Moreover, increased partitioning to belowground car-
bon allocation with increased stand age has been shown
in some forests and may exacerbate decreases in
aboveground woody net primary production (NPP,
Ryan et al. 2004). Similarly, Litton et al. (2007)
concluded that partitioning of C to wood is low and
to belowground biomass is high in low-resource
availability conditions, conditions which are typical of
low nutrient status Adirondack soils. Together, the
effects of ontogeny and C allocation strategies may have
further confounded the use of the diameter measure-
ments to evaluate the effects of N deposition in larger
size class stems. More precise dendrological and
belowground measurements of growth over longer time
intervals are likely needed to detect the effect of N
deposition in larger individuals.

The low R? values reported here must also be
interpreted in light of the ubiquitous fact that, in
addition to N deposition, there are numerous other
factors affecting tree growth. As found by Magnani et
al. (2007), one important factor is disturbance history.
Indeed, the fact that we were able to detect any growth
response to N deposition may be because all of our plots
were in “more or less original and undisturbed forested
areas” in 1930-1932 (Heimburger 1933) and have been
protected as state-owned “wild forests” or “wilderness”
since that time.

This study adds important evidence from the north-
eastern United States to the few investigations conduct-
ed in southern U.S. and European temperate forests that
have utilized ambient conditions and in situ measure-
ments to report enhanced growth of temperate forest
vegetation along regional gradients of N deposition
(e.g., Nellemann and Thomsen 2001, Boggs et al. 2005).
Ambient gradients of N deposition not only provide
realistic conditions and remove confounding influences
introduced in short-term high-dose N addition investi-
gations, but since the rate of N addition is more



important than the accumulated amount of N (Hogberg
et al. 2006), gradient-based studies can also provide a
more acute understanding of the ecophysiological
responses of forest vegetation to typically low-level,
ambient rates of N deposition that now occur in many
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A table listing the allometric equations used in woody biomass ir‘\)crements calculation (Ecological Archives E090-122-Al).
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A table listing the woody biomass increments response to N depgsition (Ecological Archives E090-122-A2).
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Figures showing basal area increment response of tree species between 1984 and 2004 along the nitrogen deposition gradient

(Ecological Archives E090-122-A3).



